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Abstract 

Background:\n many developed countries, socioeconomic status is associated with cancer incidence and survival. However, 
research in Japan is sparse. We examined the association between neighborhood deprivation based on the Japanese 
Deprivation Index and the risl< of incidence, mortality and survival from total and major cancers in the Japan Public Health 
Center-based Prospective Study. 

Methods: 86,^^2 participants were followed through the end of 2009. A total of 10,416 incident cases and 5,510 deaths 
from cancer were identified among 1,348,437 person-years of follow-up (mean follow-up: 15.7 years). The Japanese 
deprivation index was used to access neighborhood deprivation. Hazard ratios and 95% confidence intervals were 
calculated by Cox regression analysis. 

Results:\Ne found no associations between neighborhood deprivation index and the incidence of total and major cancers. 
In some cancer risks or deaths, however, we found positive or inverse associations with a higher deprivation index, such as a 
decreased risk of colorectal cancer incidence and an increased risk of liver cancer incidence and deaths in women. 

£ro/7c/i/5/o/7; Although some positive or inverse associations were detected for specific sites, the neighborhood deprivation 
index has no substantial overall association with the risk of incidence, mortality and survival from cancer in the Japanese 
population. 



Citation: MikI Y, Inoue M, Ikeda A, Sawada N, Nakaya T, et al. (2014) Neighborhood Deprivation and Risk of Cancer Incidence, Mortality and Survival: Results from 
a Population-Based Cohort Study In Japan. PLoS ONE 9(9): e106729. doi:10.1371/journal.pone.0106729 

Editor: Thomas Behrens, Unlversltat Bochum, Germany 

Received March 12, 2014; Accepted July 18, 2014; Published September 3, 2014 

Copyright: © 2014 MIkl et al. This Is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original author and source are credited. 

Data Availability: The authors confirm that, for approved reasons, some access restrictions apply to the data underlying the findings. Data cannot be made 
publicly available since the data consists of Identifying cohort information. Requests for the data may be sent to: "JPHC Study Group" PI (contact for request): 
Shoichiro Tsugane, Researh Center for Cancer Prevention and Screening, National Cancer Center, Japan, stsugane@ncc.go.jp. 

Funding: The work was supported by National Cancer Centre Research and Development Fund (23-A-31(toku)) http://www.ncc.go.jp. The funder had no role in 
study design, data collection and analysis, decision to publish, or preparation of the manuscript. 

Competing Interests: The authors have read the journal's policy and have the following conflicts. Manami Inoue Is the beneficiary of a financial contribution 
from the AXA Research fund as chair holder of the AXA Department of Health and Human Security, Graduate School of Medicine, The University of Tokyo. The 
AXA Research Fund had no role in the design, data collection, analysis. Interpretation or manuscript drafting, or In the decision to submit the manuscript for 
publication. This does not alter the authors' adherence to PLOS ONE policies on sharing data and materials. The authors declare no other conflicts of Interest. 

* Email: mnminoue@m.u-tokyo.ac.jp 

Tl Membership of the JPHC Study Group Is provided in the Acknowledgments. 



Introduction 

In many developed countries, socioeconomic status (SES) is 
associated with cancer incidence and survival [1-6]. Although this 
association is not completely understood, some cancers are 
thought to be caused by lifestyle habits in the community, such 
as smoking, which tend to be concentrated among the poorer 
segments of a population [7]. Possible explanations for the 
association between SES and cancer survival include a delay in 
diagnosis and poor access to treatment in low SES groups [8]. 
Although Japan has an extensive welfare system and equal access 
to health care [9], one study showed associations between poor 



gastric cancer survival and job status, such as unemployment and 
manual labor [10]. 

Although socioeconomic position is usually expressed in terms 
of individual income, education, and/ or occupation, areal 
deprivation, as a group factor, is also used to express relative 
poverty in area [1 1]. One Japanese study in a metropolitan area 
showed an inverse association between cervical and endometrial 
cancer survival and areal deprivation according to area unem- 
ployment rate [12]. However, no population-based study with a 
wider focus on the association between areal deprivation and 
cancer has yet appeared. 
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Here, we evaluated the association between the incidence, 
mortahty and survival of all sites and major sites of cancer in a 
large population-based cohort study and the Japanese Deprivation 
Index (JDI), an index of neighborhood deprivation suitable for use 
in Japan. We wanted to test if area! deprivation increases the risk 
of incidence, mortality and survival of all cancers and major 
cancer sites in a non-metropolitan cohort setting. 

Materials and Methods 

Ethics Statement 

The protocol of the Japan Public Health Center-based 
Prospective Study JPHC Study) was approved by the Institutional 
Review Board of the National Cancer Center, Japan (approval 
number: 13-021). We informed the detail of the study to all study 
subjects oradly and/ or in writing at baseline survey. In our study 
we did not get written informed consent from all participants since 
our study was initiated in 1990, which was before ethical guideline 
for epidemiologic studies was enforced in 2002 in Japan. Instead, 
we informed the detail of the study to all study participants not 
only at baseUne survey, but also through mails several times during 
follow-up. The protocol of the study including this was approved 
by the institutional review board annually since 2001, based on 
current ethical guideline. 

Study Populations 

Study participants were Japanese inhabitants enrolled in the 
JPHC Study Cohorts I and II, a large-scale population-based 
study. Details of the JPHC study have been provided elsewhere 
[13,14]. Briefly, the study was launched in January 1990 (Cohort I) 
and 1993 (Cohort II), and covered five and six public health center 
(PHC)-based areas, respectively. 

In the baseline study, we identified 117,125 men and women 
aged 40-59 years for Cohort I and 40-69 years for Cohort II, with 
two areas excluded because information on cancer incidence and/ 
or deprivation index was not available. During the follow-up 
period, 229 participants were excluded because of erroneous 
identification (n=170), non Japanese nationality (n = 51), dupli- 
cate registration (n = 4) and unsuitable age (n = 4). 95,292 
participants responded to the questionnaires (81.5% response 
rate). At this point, participants with a history of cancer at baseline 
(n = 2,038) and those with insufficient information related to 
deprivation and other confounders (n = 7,142) were excluded. 
Finally, we identified a study population of 86,112 men and 
women (40,883 men and 45,229 women). 

Assessment of deprivation 

Neighborhood deprivation was assessed using the JDI, a 
deprivation index developed by Nakaya [15,16]. The JDI is a 
composite indicator which consists of weighted sums of a number 
of census-based variables calculated using the same method as the 
Breadline Britain poverty measure [17] and European transna- 
tional ecological deprivation measure [18,19]. Deprivation-related 
variables were obtained from the 1995 population census. 

Follow-up 

W'c. followed study participants from the baseline survey until 
December 31, 2009. Changes in residence status, including 
survival, were (;:onfirmed annually by the residential registry. 
Among study participants, 14,075 died, 6,911 moved out of the 
study area, 6 withdrew from the study, and 305 (0.3 percent) were 
lost to follow-up within the follow-up period. Due to a lack of 
precise cancer incidence data outside the study area, those who 
moved out of the study area were censored at the time they 



moved. For those who moved within the study area, we did not 
consider changing neighborhood deprivation status. 

Confirmation of cancer mortality 

Information on the cause of death for deceased participants was 
obtained from death certificates (provided by the Ministry of 
Health, Labour, and Welfare, with permission), which include 
cause of death as defined according to the International 
Classification of Diseases, Tenth Revision [20] . Resident registra- 
tion and death registration are required by law in Japan, and the 
registries are believed to be complete. During the foUow-up period, 
5,510 cancer deaths were identified. 

Confirmation of cancer incidence 

The occurrence of cancer was identified by active patient 
notification from major local hospitals in the study area and from 
data linkage with population-based cancer registries, with permis- 
sion from each of the local governments responsible for the cancer 
registries. When incidence data were unavailable, death certificate 
information was used as a supplementary information source. 
Cancer sites included in this study were coded according to the 
International Classification of Diseases for Oncology, Third 
Edition (ICD-O-3) [21]. In our cancer registry system, the 
proportion of cancer cases ascertained by death certificate only 
(DCO) was 5.6%. For the present analysis, the earliest date of 
diagnosis was used in cases with multiple primary cancers 
diagnosed at different times. We identified 10,416 newly diagnosed 
cancer cases during the follow-up period. 

Statistical analysis 

We prospectively counted the number of person-years of foUow- 
up for each subject from the date of completion of the 
questionnaire until the date of diagnosis of cancer, date of death, 
movement out of the study area, or end of the study period 
(December 31, 2009), whichever occurred first. For cancer cases, 
pf;rs()n-y(-ars were further calculated for survival analysis from the 
date of cancer diagnosis until December 31, 2011. 

A Cox proportional hazards regression model with the clustered 
sandwich estimator was applied to calculate the multivariate- 
adjusted hazard ratio (HR) and 95% confidence interval (CI) of 
associations between quartile of neighborhood deprivation index 
and incidence, mortality, and survival of all sites of cancer and 
cancer at major sites, namely stomach (ICD-O-3: C16), colon 
(CI 8), rectum (CI 9, C20), liver (C22), pancreas (C25), lung (C34), 
breast (C50) and prostate (C61). STATA version 12.0 (Stata Corp, 
College Station, TX) [22] was used for all analyses. 

We used the multivariate model including age (continuous) (age 
at diagnosis for cancer survival) and study area (nine pubhc health 
centers), poptdation density (quartile), occupation (professional or 
office worker, sales clerk or other, farmer, or manual laborer and 
unemployed), smoking (never, past, current), alcohol drinking 
(none, <150 ml, 150-300 ml, 300^50 ml, >450 ml for men and 
none, £150 ml, >150 for women), body mass index (BMI) (^18, 
S30), and leisure time sport activity (none, once per 1-3 months, 
more than once a week). These variables, obtained from the 
questionnaire, are either known or suspected from earlier studies 
to be risk factors for outcome. For incidence and survival of 
prostate cancer, IIRs were also estimated by clinical stage (i.e., 
locahzed or advanced). We also implemented additional sensitivity 
analyses which included education as a confounder (junior high 
school, high school and college or higher) to the multivariate 
model among Cohort I only (n = 38,340) due to a lack of 
education information among Cohort II. 
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The proportional hazards assumptions were tested using scaled 
Schoenfeld residuals and a graphical plot of the cumulative rate on 
a log scale, and no violation was found. We calculated p values for 
the analysis of linear trends using the median values of each 
neighborhood deprivation index category in the regression model. 
All reported p values are two-tailed. 

Results 

Tables 1 and 2 compares the characteristics of participants 
according to neighborhood deprivation index quartile. For men 
(Table 1), those with a higher neighborhood deprivation index 
were more likely to be older, a farmer or unemployed, a non- 
smoker, and more obese, and less likely to lia\'e undergone cancer 
screening. Similar trends were obsc'r\-ed for women (Table 2). 
Women with a high neighborhood deprivation index tended to 
drink less alcohol, but showed no difference in drinking behavior 
pattern to those with a low index. No consistent trends in the 
proportion of population densit)' or frerjuency of leisure time 
sports activity were observed across neighborhood deprivation 
categories. Those who were lost to follow-up (n — 305, 0.3% of the 
study participants) tended to be younger than those who were not 
lost, but had substantially similar baseline characteristics for other 
variables. 

Tables 3 and 4 showed that neighborhood deprivation index 
was generally not associated with the risk of total cancer incidence, 
mortality or survival in either men or women, although we 
observed some significant inverse or positive associations in 
specific sites of cancer. 

In men (Table 3). an inverse association was observed in 
colorectal cancer, particularly rectal cancer, in which men in the 
highest deprivation index category had decreased risks of 
colorectal (HR, 0.75; 95%CI, 0.57-0.98, p for trend 0.050) and 
rectal cancer (HR, 0.54; 95%CI, 0.36-0.82, p for trend 0.007). We 
also observed a sporadic positive association in prostate cancer 
incidence and rectal cancer mortality, albeit that no significant 
linear trend of risk increase by increased depri\'ation index was 
observed. No remarkable association with neighborhood depriva- 
tion index was observed for cancx'r sur\ i\ al in men. 

In women (Table 4), we observed a decreased risk of incidence 
and mortality in rectal cancer (incidence: HR for the highest 
quartile, 0.54; 95%CI, 0.32-0.92, p for trend 0.010; mortality: HR 
for the highest quartile, 0.28; 95%CI, 0. 10-0.76, p for trend 0.029) 
and mortalit}' in colorectal cancer (HR for the highest quartile, 
0.49; 95%CI, 0.26-0.90, p for trend 0.029). We also observed an 
inc:reased risk of incidence and mortality in liver cancer, although 
no significant linear trend was observed. We found no association 
between neighborhood deprivation index and stomach, pancreas, 
lung or breast cancer. Further, no remarkable association was 
observed between neighborhood deprivation index and cancer 
survival in women. 

We examined the association between neighborhood depriva- 
tion index and cancer incidence, death and survival among 
Cohort I after adding education as a confounder (junior high 
school, high school and college or higher) to the multivariate 
model. However, the results of these additional analyses did not 
substantially difier from our original analyses. 

Discussion 

In this study, we found that the neighborhood deprivation index 
had no substantial overall association with the risk of incidence, 
death due to, or survival from major cancer in Japanese men and 
women. However, we did find positive or inverse associations for 
some specific sites. Among these, the risk of colorectal cancer 



incidence was lower in men and women with a higher 
neighborhood deprivation index than in those in lower index 
categories. Further, the risk of liver cancer incidence and mortality 
was increased in women with higher neighborhood deprivation. 
There were no significant differences in cancer sur\dval. Results of 
additional analysis using Cohort I only with adjustment for 
education were similar to those of the original analyses. 

There are several possible explanations for these findings. First, 
concerning the lower risk of colorectal cancer incidence and 
mortality in those living in more deprived areas, a national 
colorectal cancer screening program for middle and older aged 
people in Japan started in 1992, the same time as the start point of 
this study [23]. Thus, the effect of a delay in screening program 
may not fully explain these inverse associations. Rather, they 
might be explained by differences in lifestyle between deprived 
areas and less deprived areas. One risk factor for colorectal cancer 
is the adoption of a westernized lifestyle [24], and participants in 
less deprived, more westernized areas are thus at greater risk of 
this cancer than those in deprived areas. 

Second, the strong association of infection with hepatitis B virus 
(HBV) and hepatitis C virus (HCV) with social class [25] suggests 
that higher infection rates in deprived areas might lead to a high 
incidence and mortality of liver cancer. Interestingly, however, we 
found an association in women only, and not in men. The risk of 
liver cancer is increased in HBV- or HCV-infected patients with 
heavy alcohol intake [26], and we speculate that these strong 
underlying risk factors mask the effect of neighborhood depriva- 
tion index on liver cancer through HBV or HCV infection in men. 
In contrast, a large proportion of women in this cohort did not 
drink alcohol, and we were therefore able to detect this putative 
effect in women. 

Third, there is no evidence to suggest the presence of gaps in 
cancer treatment by neighborhood deprivation in Japan. Access to 
cancer treatment after diagnosis is considered to be uniform for all 
people in Japan thanks to the universal health coverage system [9]. 
This may also be applied to cancer, where most patients, 
regardless of socioeconomic status, are transferred to large 
hospitals after diagnosis and are considered to receive almost 
equal quality of cancer treatment. This may explain why we found 
no significant differences in cancer survival by neighborhood 
deprivation index. 

Strengths of our study are its prospective design and large 
sample size, which yielded good statistical power to detect the 
effects of neighborhood deprivation. The areas included in the 
present study were derived from nine different areas across Japan, 
both north and south, and included cities, towns and villages. This 
caused wide variation in the distribution of deprivation-related 
census variables, such as household structure and occupational 
distribution. Our analysis also covered a wide range of cancer 
outcomes, which allowed the simultaneous analysis of cancer 
incidence, mortality and survival. 

There are several limitations to our study. First, we included 
only middle aged Japanese at the baseUne in this study. Likewise, 
we did not include data from metropolitan areas due to an 
incidental lack of cancer incidence data or insufficient deprivation 
index data, and our findings might therefore not be applicable to 
populations in these areas. Urban/ rural settings may have distinct 
environmental and lifestyle backgrounds, with differential effects 
on the association between neighborhood deprivation and 
outcomes. A previous study in Osaka, the second largest prefecture 
in Japan, found poor survival in cervical and endometrial cancer 
among deprived women. Osaka prefecture has the highest number 
of households receiving welfare assistance in Japan, and the poor 
survival might have been due to the greater variation in 
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Table 1. Baseline characteristics In men {n = 40,883). 





Deprivation index Quartile 




Lowest 


Second 


Tliird 


Highest 


Median 


478.8 


530.8 


591.3 


698.3 


[Min-Max] 


[165.8-504.2] 


[504.7-555.8] 


[556.5-624.4] 


[627.6-983.3] 


Number of participants 


10,532 


10,713 


9,766 


9,872 


Age {%) 


<44 


25 


25.2 


23.9 


23 


45-49 


20.7 


20.9 


20.1 


17.5 


50-54 


19.2 


19.9 


20.5 


19.2 


>55 


35.1 


34 


35.5 


40.3 


Population density (%) 


Lowest 


n 


21.5 


31.5 


34.8 


Second 


36.6 


25.8 


19.3 


20.4 


Third 


18.2 


28.6 


39.8 


13.8 


Highest 


34.2 


24.1 


9.4 


31.1 


Occupation (%) 


Professionals and office workers 


34.7 


29.1 


24 


19.1 


Sales clerk or others 


14.9 


16.8 


16.9 


15.6 


Farmers 


17.3 


17.8 


27.3 


32.5 


Manual laborers 


27.6 


31.5 


27.1 


26.6 


Unemployed 


5.5 


4.8 


4.7 


6.3 


Smoking (%) 


Never smoking 


19.1 


22.4 


25.5 


30.3 


Past smoking 


24 


22.9 


21.4 


23.8 


Current smoking 


56.9 


54.7 


53.1 


46 


Weekly alcohol consumption 


None 


20.9 


19.7 


22.1 


27 


<150 ml 


32 


34.2 


34.6 


36.2 


150-300 ml 


25.1 


23.8 


21.4 


15.8 


300-450 ml 


13.5 


14.2 


13.3 


11.1 


=:450 ml 


7.5 


8.1 


8.6 


9.9 


BMI (%) 


<18 


4.4 


4.7 


3.6 


3.6 


a30 


1.5 


1.8 


2.2 


3.2 


Sports (%) 


None 


65.3 


63.6 


66.3 


69.4 


Once per 1-3 months 


16.8 


17.5 


15.3 


11.5 


More than once a week 


17.9 


18.9 


18.4 


19.2 


History of cancer screening (%) 


No 


17.2 


18.7 


20.5 


22.3 


Yes 


82.8 


81.3 


79.5 


77.7 



doi:l 0.1 371 /journal.pone.01 06729.t001 



neighborhood deprivation in Osaka than in the areas included in 
our study. 

Second, we did not consider changing the neighborhood 
deprivation status of those study participants who moved within 
the study area. In our population, however, we confirmed that 
only 2% of the study participants fell into this category, and the 
failure to consider movement within the study area might not have 
substantially influenced the results. 



Third, we did not include individual educational level as a 
confounding factor in our statistical model, because information 
on this factor was obtained from Cohort I participants only (44.5% 
of total participants), which would significantly reduce statistical 
power. However, additional sensitivity analysis which included 
educational level as a confounding factor using Cohort I showed 
similar results. Among participants who did have educational 
information, nearly 50% graduated from junior high school only, 
consistent with the generation born around World War II, when a 
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Table 2. Baseline characteristics In women (n = 45,229). 





Deprivation index Quartile 




Lowest 


Second 


Tliird 


Highest 


Median 


478.8 


531.6 


591.3 


698.3 


[Min-Max] 


[165.8-504.2] 


[504.7-555.8] 


[556.5-624.4] 


[627.6-983.3] 


Number of participants 


11,121 


11,686 


11,126 


11,296 


Age {%) 


<44 


23.5 


23.1 


22.6 


19.8 


45-49 


19.7 


20.3 


19.6 


16.8 


50-54 


18.7 


20.7 


21.5 


19.9 


>55 


38.1 


35.9 


36.4 


43.6 


Population density (%) 


Lowest 


11.2 


20.9 


29.5 


36.7 


Second 


36.8 


25.2 


20.4 


21.9 


Third 


17.5 


28.6 


41.3 


12.1 


Highest 


34.5 


25.3 


8.9 


29.4 


Occupation (%) 


Professionals and office workers 


18.2 


16.7 


15.1 


12.2 


Sales clerk or others 


13.4 


16.4 


15.4 


14.4 


Farmers 


18.9 


18.8 


27.3 


29.4 


Manual laborers 


16 


18 


13.8 


8.4 


Unemployed 


33.6 


30.1 


28.4 


35.6 


Smoking (%) 


Never smoking 


92.5 


92.4 


93 


93.4 


Past smoking 


1.3 


1.2 


1.6 


1.4 


Current smoking 


6.2 


6.4 


5.5 


5.2 


Weekly alcohol consumption 


None 


74.8 


76.2 


79 


86.8 


<150 ml 


11.3 


11.1 


10.3 


7 


>150 ml 


13.9 


12.7 


10.7 


6.3 


BMI (%) 


S18 


5.8 


5.8 


5 


4.6 




2.4 


2.6 


3.6 


4.5 


Sports (%) 


None 


76.2 


75.1 


75.9 


77.3 


Once per 1-3 months 


7.2 


7.6 


7 


6 


More than once a week 


16.6 


17.3 


17.2 


16.8 


History of cancer screening (%) 


No 


17.2 


17.1 


17.7 


20.9 


Yes 


82.8 


82.9 


82.3 


79.1 



doi:1 0.1 371 /journal.pone.Ol 06729.t002 



difiFerent education system was in place. Moreover, educational 
level in these participants was not associated with neighborhood 
deprivation index or cancer outcome. 

Fourth, the neighborhood deprivation index used in the present 
study may have been affected by a methodological limitation: the 
JDI was initiated based on a commonly recognized areal 
deprivation index in England, but the presence of similar patterns 
in other contexts such as Japan is unclear. A previous study 
identified an association between poor gastric cancer survival and 
the job status of unemployed and manual labor [10]. Our study 
covered the same data source as this study, and our additional 



analyses using occupation as deprivation showed similar results. 
On this basis, the neighborhood deprivation index appears to be 
an unsuitable predictor of cancer survival in Japan. 

Conclusion 

The Japanese neighborhood deprivation index has no substan- 
tial association with total cancer incidence, deaths or survival in 
Japanese men and women. Although neighborhood deprivation 
index is used in many studies in European countries and shows 
positive associations with cancer outcome, it appears that 
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individual deprivation such as occupation is more sensitive in 
detecting the association between deprivation and cancer than JDI 
in Japan. 

Acknowledgments 

Members of the Japan Pubhc Health Centre-based Prospective Study 
JPHC Study, principal investigator: S. Tsugane) Group are: S. Tsugane, S. 
Sasazuki, M. Iwasaki, N. Sawada, T. Shimazu, T. Yamaji, and T. 
Hanaoka, National Cancer Centre, Tokyo; J. Ogata, S. Baba, T. 
Mannami, A. Okayama, and Y. Kokubo, National Cerebral and 
Cardiovascular Centre, Osaka; K. Miyakawa, F. Saito, A. Koizumi, Y. 
Sano, 1. Hashimoto, T. Ikuta and Y. Tanaba, H. Sato, Iwate Prcfcctural 
Ninohe Public Health Centre, Iwate; Y. Miyajima, N. Suzuki, S. 
Nagasawa, Y. Furusugi, N. Nagai, Y. ho and Y. Roppongi, Akita 
Prefectural Yokotc Public Health Centre, Akita; H. Sanada, Y. Hatayama, 
F. Kobayashi, H. Uchino, Y. Shirai, T. Kondo, R. Sasaki, Y. Watanabc, 
Y. Miyagawa, Y. Kobayashi, M. Machida, and K. Kobayashi, Nagano 
Prcfcctural Saku Public Health (!^cntre, Nagano; Y. Kishimoto, E. Takara, 
T. Fukuyama, M. Kinjo. M. bei, and H. Sakiyama, Okinawa Prcfcctural 
Chubu Public Health Centre, Okinawa; K. Imoto, H. Yazawa, T. Seo, A. 
Seiko, F. Ito, F. Shoji and R. Saito, Katsushika Public Health Centre, 
Tokyo; A. Murata, K. Minato, K. Motegi, T. Fujieda and S. Yamato, 
Ibaraki Prcfcctural Mito Public Health Centre, Ibaraki; K. Matsui, T. Abe, 
M. Katagiri, M. Suzuki, K. and Matsui, Niigata Prefectural Kashiwazaki 
and Nagaoka Public Health Centre, Niigata; M. Doi, A. Terao, Y. 
Ishikawa, and T. Tagami, Kochi Prefectural Chuo-higashi Public Health 
Centre, Kochi; H. Sueta, H. Doi, M. Urata, N. Okamoto, and F. Ide and 
H. Goto, Nagasaki Prefectural Kamigoto Public Health Centre, Nagasaki; 
H. Sakiyama, N. Onga, H. Takaesu, M. Uehara, and T. Nakasone, 
Okinawa Prefectural Miyako Public Health Centre, Okinawa; F. Horii, I. 
Asano, H. Yamaguchi, K. Aoki, S. Maruyama, M. Ichii, and M. Takano, 

References 

1 . Coleman MP, Rachet B, Woods LM, Mitry E, Riga M, et al. (2004) Trends and 
socioeconomic inequalities in cancer sur\'ival in England and Wales up to 200 1 . 
Br J Cancer 90: 1367-1373. 

2. Coleman MP, Babb P, Sloggett A, Quinn M, De Stavola B (2001) 
Socioeconomic inequalities in cancer survival in Engljind and Wales. Cancer 
91: 208-216. 

3. Dalton SO, Schiiz j. Johansen il Engholm (;. Kjaer SK, et al. (2010) [Social 
inequality and incidence of and .sur\'ival li'om cancer in Denmark — .secondary 
publication]. Ugeskr Laeger 172: 691-696. 

4. Doubeni CA, Laiyemo AO, Major JM, Schootman M, Lian M, et al. (2012) 
Socioeconomic status and the risk of colorectal cancer: an analysis of more than 
a half million adults in the National Institutes of Health-AARP Diet and Health 
Study. Cancer 118: 3636-3644. 

5. Sundquist J, Li X, Sundquist AK (2012) Neighborhood deprivation and 
mortality in women with breast cancer: a multilevel analysis from Sweden. 
Breastj'l8: 625-627. 

6. Major JM, Doubeni CA, Ereedman ND, Park Y, Lian M, et al. (2010) 
Neighborhood socioeconomic deprivation and mortality: NIH-AARP diet and 
health study. PLoS One 5: el5538. 

7. Pollock AM, Vickers N (1997) Breast, lung and colorectal cancer incidence and 
survivsJ in South Thjimes Region, 1987-1992: the effect of social deprivation. 
J Public Health Med 19: 288-294. 

8. Yu XQ, O'ConneU DL, Gibberd RW, Armstrong BK (2008) Assessing the 
impact of socio-economic status on cancer survival in New South Wales, 
Australia 1996-2001. Cancer Causes Control 19: 1383-1390. 

9. Ikegami N, Yoo BK, Hashimoto H, Matsumoto M, Ogata H, et al. (2011) 
Japanese uni\'ersal health coverage: evolution, achievements, and challenges. 
Lancet 378: 1 106-11 1.5. 

10. Kuwahara A, Takachi R, Tsubono Y, Sasa/uki S, Inoiie M, et al. (2010) 
Socioeconomic status and gastric cancer survival in Japan. Gastric Cancer 13: 
222-230. 

11. Townsend P, Phillimore P, Beattie A (1988) Health and deprivation: inequality 
and the North Groom Heabn. London. 

12. Ueda K, Kawachi I, Tsukuma H (2006) Cervical and corpus cancer survived 
disparities by socioeconomic status in a metropoHtan area of Japan. Cancer Sci 
97: 283-291. 



Osaka Prefectural Suita Public Health Centre, Osaka; Y. Tsubono, 
Tohoku University, Miyagi; K. Suzuki, Research Institute for Brain and 
Blood Vessels Akita, Akita; Y. Honda. K. Yamagishi, S. Sakurai and N. 
Tsuchiya, University of Tsukuba, Ibaraki; M. Kabuto, National Institute 
for Environmental Studies, Ibaraki; M. Yaniaguchi, Y. Matsumura, S. 
Sasaki, and S. Watanabc, National Institute of Health and Nutrition, 
Tokyo; M. Akabane, Tokyo University of Agriculture, Tokyo; T. 
Kadowaki and M. Inoue, The University of Tokyo, Tokyo; M. Noda 
and T. Mizoue, National Centre for Global Health and Medicine, Tokyo; 
Y. Kawaguchi, Tokyo Medical and Dental University, Tokyo; Y. 
Takashima and Y. Yoshida, Kyorin University, Tokyo; K. Nakamura, 
Niigata University, Niigata; S. Matsushima and S. Natsukawa, Saku 
General Hospital, Nagano; H. Shimizu, Saldhae Institute, Gifu; H. 
Sugimura, Hamamatsu University School of Medicine, Shizuoka; S. 
Tominaga, Aichi Cancer Centre, Aichi; N. Hamajima, Nagoya University, 
Aichi; H. Iso and T. Sobue, C!)saka Uni\'ersiLy, Osaka; M. lida, W. Ajiki, 
and A. loka, Osaka Medical Centre for Cancer and Cardiovascular 
Disease, Osaka; S. Sato, Chiba Prefectural Institute of Public Health, 
C^hiba; E. Maruyama, Kobe University, Hyogo; M. Konishi, K. Okada, 
and I. Saito, Ehimc University, Ehime; N. Yasuda, Kochi University, 
Kochi; S. Kono, Kyushu University, Fukuoka; S. Akiba, Kagoshima 
University, Kagoshima. 

Author Contributions 

Conceived and designed the experiments: M. Inoue Al NS ST. Performed 
the experiments: YM M. Inoue AL Analyzed the data: YM M. Inoue AL 
Contributed reagents /materials /analysis tools: TN. Wrote the paper: YM 
M. Inoue Al. Data collection: M. Inoue NS TY TS SS M. Iwasaki ST. 
Critical review and revision of the drafted manuscript for important 
inteUectual content: NS TS TN M. Iwasaki TY SS KS ST. 



13. Watanabe S, Tsugane S, Sobuc T, Konishi JVl, Baba S (2001) Study design and 
organization of the JPHC study. Japan Public Health Center-based Prospective 
Study on Cancer and Cardiovascular Diseases. J Epidemiol 11: S3— 7. 

14. Tsugane S, Sobue T (2001) Baseline survey of" JPHC study — design and 
participation rate. Japan Public Health Center-based Prospective Study on 
Cancer and Cardiovascular Diseases. J Epidemiol 11: 29. 

15. Nakaya T (201 1) Evaluating socioeconomic inequalities in cEincer mortality by 
using areal statistics in Japan: A note on the relation between the municipal 
cancer mortality and the areal deprivation index. Proceedings of the Institute of 
Statistical Mathematics ,59: 239-26,5. 

16. Nakaya T, Honjo K, Hanibuehi T, Ikeda A, Iso H, et al. (2014) Associations of 
all-cause mortality with eensus-liased neighbourhood deprivation and popula- 
tion density in Japan: a multilevel survival analysis. PLoS Cne 9: e97802. 

17. Gordon D (199,5) Census based deprivation indices: their weighting and 
validation. J Epidemiol Community Health 49 Suppl 2: S39^4. 

18. Pornet C, Delpierre C, Dejardin O, Grosclaude P, Launay L, et al. (2012) 
Construction of an adaptable European transnational ecological deprivation 
index: the French version. J Epidemiol Community Health 66: 982—989. 

19. Dorling D, Rigby J, Wheeler B, D B, Thomas B, et al. (2007) Poverty and wealth 
across britain 1968 to 2005. Bristol: The Policy Press. 

20. World Health Crganization (1990) International classification of diseases and 
health related problem, 10th revision. Geneva, Switzerland: World Health 
Organization. 

2 1 . World Health Organization, editor (2000) International classification of diseases 
for oncology, third edition. Geneva, Switzerland: World Health Organization. 

22. Stata Corporation (2011) Stata 12. 10 ed. College Station, Texas: Stata 
Corporation. 

23. Ministry of Health Labour and Welfare (1992) Colorectal cancer screening 
manual based on Law of Health and Medical Services for the Elderly. 

24. World Cancer Research Fund/ American Institute for Cancer Research, editor 
(2007) Food, nutrition, physical activity, and the prevention of cancer: global 
perspective. Washington DC: AlCR. 

25. Stuver SO, Boschi-Pinto C, Trichopoulos D (1997) Infection with hepatitis B 
and C viruses, social class and cancer. lARC Sci Publ: 319—324. 

26. Michikawa T, Inoue M, Sawada N, Iwasaki M, Tanaka Y, et al. (2012) 
Development of a prediction model for 1 0-year risk of hepatocellular carcinoma 
in middle-aged Japanese: the Japan Public Health Center-based Prospective 
Study Cohort II. Prev Med 55: 137-143. 



PLOS ONE I www.plosone.org 



10 



September 2014 | Volume 9 | Issue 9 | e106729 



